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(57) Abstract 

An Si-base thermoelectric conversion 
material and a thermoelectric conversion 
element, wherein without lowering the Seebeck 
coefficient and electric conductivity of the 
Si-base thermoelectric conversion material, the 
heat conductivity of the material can be greatly 
lowered to realize a great improvement in 
performance index. A crystalline structure, 
which is a poly crystal line structure, having 
crystal grains of Si-rich phase and also having 
an added element-rich phase containing one or 
more added elements precipitated in the grain 
boundaries is formed, whereby the Seebeck 
coefficient becomes very high and the heat 
conductivity becomes low, making it possible 
to greatly increase the thermoelectric 
conversion efficiency; thus, there is provided 
an Si-base thermoelectric conversion material 
consisting mainly of Si, which is a naturally 

abundant element, and causing least environmental pollution. For example, the addition of C, Ge or Sn to the Si-base thermoelectr 
conversion material makes it possible to greatly reduce the heat conductivity without changing the carrier concentration in the Si-b 
material. To lower the heat conductivity, the optimum amount of addition is 5-10 atom percent. The material has a structure in which 
group IV elements and addition elements added to prepare p-type or n-type semiconductors precipitate in the grain boundaries r 
polycrystalline Si, whereby there is obtained a p-type or n-type semiconductor having a carrier concentration of 10^^ - 10^* (M/m^) 
heat conductivity of 50 W/m«K or less. 
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500 


16 


Ge 


3 


Ga 


1 


1900 


30 


250 


17 






P 


1 


1900 


30 


250 


18 






As 


1 


1900 


30 


250 


19 


Ge 


3 


P 


1 


1900 


50 


100 


20 


Ge 


3 


P 


1 


1900 


30 


250 


21 


Ge 


3 


P 


1 


1900 


10 


500 


22 


Ge 


3 


Sb 


3 


1900 


30 


250 



wo 00/54343 



24 



PCT/JPOO/01469 



*4 



INO. 


(mV/K) 


X10-f> 
(Q-m) 


(W/m-K) 


(ZT) 


11 


0.272 


1.08 


42 


0.18 


12 


0.234 


1.18 


48 


0.11 


13 


0.278 


1.16 


14 


0.62 


14 


0.280 


1.12 


13 


0.59 


15 


0.282 


1.09 


12 


0.67 


16 


0.294 


1.33 


12 


0.60 


17 


-0.309 


1.20 


48 


0.18 


18 


-0.321 


1.29 


52 


0.17 


19 


-0.306 


1.25 


14 


0.59 


20 


-0.309 


1.21 


13 


0.67 


21 


-0.312 


1.19 


12 


0.75 


22 


-0.337 


1.40 


12 


0.74 



wo 00/54343 



25 
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m5 



No. 


Bnc 


(at%) 


Ap,An 


(at%) 


(K) 


B\±mm 

(mm/sec) 


(mm) 


31 






B 


0.3 


1900 


0.3 


3 


32 






Al 


1 


1900 


0.3 


3 


33 


Ge 


3 


B 


0.3 


1900 


1 


1 


34 


Ge 


3 


B 


0.3 


1900 


0.3 


3 


35 


Ge 


3 


B 


0.3 


1900 


0.1 


9 


36 


Ge 


3 


Ga 


^ 


1900 


0.3 


3 


37 






P 




1900 


0.3 


3 


38 






As 




1900 


0.3 


3 


39 


Ge 


3 


P 




1900 


1 


1 


40 


Ge 


3 


P 




1900 


0.3 


3 


41 


Ge 


3 


P 




1900 


0.1 


9 


42 


Ge 


3 


Sb 


3 


1900 


0.3 


3 



wo 00/54343 



26 



PCT/JPOO/01469 



6 



IN U. 


(mV/K) 


(Q-m) 


(W/m-K) 


(ZT) 


31 


0.275 


1.05 


45 


0.18 


32 


0.237 


1.14 


51 


0.11 


33 


0.280 


1.19 


17 


0.43 


34 


0.283 


1.13 


15 


0.52 


35 


0.285 


1.10 


14 


0.58 


36 


0.298 


1.30 


14 


0.54 


37 


-0.311 


1.17 


51 


0.18 


38 


-0.324 


1.26 


54 


0.17 


39 


-0.309 


1.22 


16 


0.54 


40 


-0.311 


1.20 


14 


0.63 


41 


-0.315 


1.18 


13 


0.71 


42 


-0.339 


1.38 


13 


0.70 
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27 



mmm4 

mWLtz}Mnm^^l325Kxmm. lOOMPa. Arcfi-e^N^y hyi/7.^^TV^ 
m^i^^nfz, Uhtlfzm^i^Un^. SXSXlSmm, 10 X 10 X 2mm, 

fit, ^mmmzT=s2T/pisi)^m8iz^'to 
mmms 

l~30pm{rt«i5()^#U;^c. ->*ai'y b^;l/{iN2;^'>?.^fflV\ i±:t;(i0.7MPaT'fT-5 

^6RI&#L/cJ^)^^3K^5^$:5X5Xl5mm. 10 X 10 X 2mm, ^fll0x2mm©ffm 
(l200MPa<7)jeEi|-ei£^^ff^U. 1325Kx5B$r^, KStt'T'Mi^^ff o/c. # 

^f5#^^^t,*X M{E#^^llife^j4h[ii:i^iST-MI^Ufc„ iiooKdfc^t:^^^!! 

%m.h. tttlJgi!t(ZT=S2T/pK)=lr^lOC^-t„ 



wo 00/54343 



28 



PCT/JPOO/01469 



fz. CD 7 h ^ X|&©?^iPjiJSl {iSOO-lOOOK/secT-* »j . ^i^^^mWl^it 
1325KX3^r^T'fToyc. m^WWmt. 5x5xl5mm. 10XlOX2mm, mi 
llOOKf; I:)- 6ill^{fi i: . Mfgi5C(ZT=S2T/pK)?:||12tl,T^-r„ 



wo 00/54343 



29 



PCT/JPOO/01469 . 



7 



No. 


Bnc 


(at%) 


'^jjP 
Ap,An 




mm 

(h) 


( iiTir*^ 

V \XL11) 




(h) 


1 






B 


0.3 


20 


10 


1325 




2 






Al 


1 


20 


10 


1325 




3 


Ge 


3 


B 


0.3 


10 


30 


1325 




4 


Ge 


3 


B 


0.3 


20 


10 


1325 




5 


Ge 


3 


B 


0.3 


50 


3 


1325 




6 


Ge 


3 


Ga 


1 


20 


10 


1325 




7 






P 


1 


20 


10 


1325 




8 






As 


1 


20 


10 


1325 




9 


Ge 


3 


P 


1 


10 


30 


1325 




10 


Ge 


3 


P 


1 


20 


10 


1325 




11 


Ge 


3 


P 


1 


50 


3 


1325 




12 


Ge 


3 


Sb 


3 


20 


10 


1325 





wo 00/54343 



30 



PCT/JPOO/01469 



^8 



No. 


(mV/K) 


XlO-5 

(Q-m) 


(W/m-K) 


mmm. 

(ZT) 


1 


0.267 


1.27 


29 


0.21 


2 


0.231 


1.31 


31 


0.14 


3 


0.272 


1.28 


11 


0.58 


4 


0.286 


1.30 


9 


0.72 


5 


0.283 


1.33 


7 


0.95 


6 


0.291 


1.41 


9 


0.73 


7 


-0.301 


1.29 


30 


0.26 


8 


-0.318 


1.34 


32 


0.26 


9 


-0.305 


1.30 


10 


0.79 


10 


-0.309 


1.34 


9 


0.87 


11 


-0.314 


1.37 


8 


0.99 


12 


-0.332 


1.45 


9 


0.93 



wo 00/54343 



31 



PCT/JPOO/01469 



9 



No. 


Bnc 


(at%) 


Ap,An 


(at%) 


(g/sec) 


(um) 


(K) 


mm 
mm) 


21 






B 


0.3 


0.5 


5 


1300 


5 


22 






Al 


1 


0.5 


5 


1300 


5 


23 


Ge 


3 


B 


0.3 


1 


10 


1300 


5 


24 


Ge 


3 


B 


0.3 


0.5 


5 


1300 


5 


25 


Ge 


3 


B 


0.3 


0.25 


3 


1300 


5 


26 


Ge 


3 


Ga 




0.5 


5 


1300 


5 


27 






P 




0.5 


5 


1300 


5 


28 






As 




0.5 


5 


1300 


5 


29 


Ge 


3 


P 




1 


10 


1300 


5 


30 


Ge 


3 


P 




0.5 


5 


1300 


5 


31 


Ge 


3 


P 




0.25 


3 


1300 


5 


32 


Ge 


3 


Sb 


3 


0.5 


5 


1300 


5 



wo 00/54343 



32 



PCT/JPOO/01469 



10 



No 


(mV/K) 


(fi-m) 


(W/m-K) 


(ZT) 


21 


0.269 


1.36 


25 


0.23 


22 


0.235 


1.41 


29 


0.15 


23 


0.274 


1.39 


10 


0.59 


24 


0.277 


1.42 


8 


0.74 


25 


0.281 


1.46 


6 


0.99 


26 


0.294 


1.53 


7 


0.89 


27 


-0.303 


1.35 


27 


0.28 


28 


-0.320 


1.41 


29 


0.28 


29 


-0.309 


1.42 


9 


0.82 


30 


-0.311 


1.49 


7 


1.02 


31 


-0.314 


1.55 


6 


1.17 


32 


-0.336 


1.60 


97 


1.11 



wo 00/54343 



33 



PCT/JPOO/01469 



11 



No. 


Bnc 


{at%) 


mm 

Ap,An 


(at%) 


mn 

JEE* 
MPa 






(SGC) 


41 






B 


0.3 


5 


50 


1325 


180 


42 






Al 


1 


5 


50 


1325 


180 


43 


Ge 


3 


B 


0.3 


3 


75 


1325 


180 


44 


Ge 


3 


B 


0.3 


5 


50 


1325 


180 


45 


Ge 


3 


B 


0.3 


8 


30 


1325 


180 


46 


Ge 


3 


Ga 


1 


5 


50 


1325 


180 


47 






P 


1 


5 


50 


1325 


180 


48 






As 


1 


5 


50 


1325 


180 


49 


Ge 


3 


P 


1 


3 


75 


1325 


180 


50 


Ge 


3 


P 


1 


5 


50 


1325 


180 


51 


Ge 


3 


P 


1 


8 


30 


1325 


180 


52 


Ge 


3 


Sb 


3 


5 


50 


1325 


180 



wo 00/54343 



34 



PCT/JPOO/01469 



12 



"VT 

No. 


(mV/K) 


XlO-5 
(fl-m) 


(W/m-K) 


(ZT) 


41 


0.271 


1.40 


21 


0.27 


42 


0.238 


1.44 


24 


0.18 


43 


0.277 


1.42 


9 


0.66 


44 


0.279 


1.46 


7 


0.84 


45 


0.283 


1.49 


6 


0.99 


46 


0.298 


1.58 


7 


0.88 


47 


-0.306 


1.39 


23 


0.32 


48 


-0.323 


1.46 


27 


0.29 


49 


-0.311 


1.47 


9 


0.80 


50 


-0.314 


1.53 


7 


1.01 


51 


-0.317 


1.58 


6 


1.17 


52 


-0.339 


1.63 


7 


1.11 



wo 00/54343 



35 
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mmm7 

#f3tl/c|(>*^1325KXlBtr^. lOOMPa. ArtfiT'y-ti^y h "/UT. V^Mi^ 
i^i:nt:io ;^^f*:sS5^$:5X5Xl5mm, 10 X 10 X 2mm. :^^fllOX2mm®ff^Jt^ 

^{s^^^^ox ^{s^^'irM^u/c, iiooK{ifc{tsiii^{iii:. mmm 

(ZT= S2T/PK) ^14{l^-ro 

sio.97Geo.03 ^ 5 o ^ ffl V ft jij^i^mr T'K^}§fi? L /io 

10mmff<J^KDMS{c»3^<5^, *5#:-r ^©fl-Y >z3'>y h 

L, ^ ibC7.^>'y^;l'fcck0:iy*3i«;/ h ^ ;VCT^l^)eL^l~10pm{::»#U 

/io ^yh^ Mi2<f2:^'^ ^m^\ J£ti {iO.TMPaT-ff o 7^c„ 

3— 5^-1- >i/^tt/clg*4)^&3k^5X5Xl5mm, 10XlOX2mm, ^fl 
10x2mmCDffmt^200MPa®J±;tjT'JBEiiSi^^L, 1325KX5h, K^4'T'Mi^ 



wo 00/54343 



36 



PCT/JPOO/01469 



3MPaT-l}>Cto{i-Tl.?^L, ¥J^)feifl30~100iimT'*o;^c:. #f>tt/cM^(; 

^#{il325Kxl80secT'*o/co m^\^fzMM\%. 5X5Xl5inm, 
10XlOx2mm. ^SlOX2mm©fl^i|^{rt;0ifiPXU. ^tl-e'tl©-tf-^'y 

nm%m-:.'cm%.hfz. nooKfifcit^^ii^iiti:. tttim(ZT=s2T/pK)^ 



wo 00/54343 



37 



PCT/JPOO/01469 . 



No. 




(lim) 




3— X< >y 

(nm) 


(K) 


mm) 


1 


Si 


10 


B 


10 


1325 




2 


Si 


30 


B 


30 


1325 




3 


Si 


30 


Al 


50 


1325 




4 


Si0.97Ge0.03 


10 


B 


10 


1325 




5 


Si0.97Ge0.03 


30 


B 


30 


1325 




6 


Si0.97Ge0.03 


30 


Ga 


50 


1325 




7 


Si 


10 


P 


30 


1325 




8 


Si 


30 


P 


60 


1325 




9 


Si 


30 


As 


90 


1325 




10 


Si0.97Ge0.03 


10 


P 


30 


1325 




11 


Si0.97Ge0.03 


30 


P 


60 


1325 




12 


Si0.97Ge0.03 


30 


Sb 


90 


1325 





wo 00/54343 



38 



PCT/JPOO/01469 



XT- 

No. 


(mV/K) 


XlO-5 
(ft-m) 


(W/m-K) 


(ZT) 


1 


0.267 


1.31 


29 


0.21 


2 


0.259 


1.28 


31 


0.19 


3 


0.234 


1.41 


35 


0.12 


4 


0.271 


1.35 


9 


0.66 


5 


0.269 


1.33 


11 


0.54 


6 


0.289 


1.42 


10 


0.65 


7 


-0.301 


1.30 


30 


0.26 


8 


-0.299 


1.28 


32 


0.24 


9 


-0.293 


1.32 


37 


0.19 


10 


-0.309 


1.34 


9 


0.87 


11 


-0.306 


1.30 


10 


0.79 


12 


-0.329 


1.48 


10 


0.80 



wo 00/54343 



39 



PCT/JPOO/01469 _ 



15 



No. 




(lim) 




(nm) 


(K) 




21 


Si 


3 


B 


3 


1325 


5 


22 


Si 


10 


B 


10 


1325 


5 


23 


Si 


10 


Al 


15 


1325 


5 


24 


Si0.97Ge0.03 


3 


B 


3 


1325 


5 


25 


Si0.97Ge0.03 


10 


B 


10 


1325 


5 


26 


Si0.97Ge0.03 


10 


Ga 


15 


1325 


5 


27 


Si 


3 


P 


10 


1325 


5 


28 


Si 


10 


P 


20 


1325 


5 


29 


Si 


10 


As 


30 


1325 


5 


30 


Si0.97Ge0.03 


3 


P 


10 


1325 


5 


31 


Si0.97Ge0.03 


10 


P 


20 


1325 


5 


32 


Si0.97Ge0.03 


10 


Sb 


30 


1325 


5 



wo 00/54343 



40 



PCT/JPOO/01469 



16 



Nn 


(mV/K) 


(fi-m) 


(W/m-K) 


(ZT) 


21 


0.271 


1.39 


24 


0.24 


22 


0.262 


1.31 


29 


0.20 


23 


0.237 


1.46 


31 


0.14 


24 


0.273 


1.40 


8 


0.73 


25 


0.271 


1.37 


10 


0.59 


26 


0.291 


1.46 


10 


0.64 


27 


-0.303 


1.35 


26 


0.29 


28 


-0.301 


1.32 


29 


0.26 


29 


-0.295 


1.37 


32 


0.22 


30 


-0.311 


1.39 


8 


0.96 


31 


-0.309 


1.36 


9 


0.86 


32 


-0.331 


1.52 


9 


0.88 



wo 00/54343 



41 



PCT/JPOO/01469 . 



17 



No. 




mi 

(lim) 




mm 

(lim) 


(K) 


( sec) 


41 


Si 


10 


B 


1 


1325 


180 


42 


Si 


30 


B 


3 


1325 


180 


43 


Si 


30 


Al 


3 


1325 


180 


44 


Si 


10 


Ge0.9B0.1 


1 


1325 


180 


45 


Si 


30 


Ge0.9B0.1 


3 


1325 


180 


46 


Si 


30 


GeO.9Ga0.1 


3 


1325 


180 


47 


Si 


10 


P 


1 


1325 


180 


48 


Si 


30 


P 


3 


1325 


180 


49 


Si 


30 


As 


3 


1325 


180 


50 


Si 


10 


Ge0.8P0.2 


1 


1325 


180 


51 


Si 


30 


Ge0.8P0.2 


3 


1325 


180 


52 


Si 


30 


Ge0.8Sb0.2 


3 


1325 


180 



wo 00/54343 



42 



PCT/JPOO/01469 _ 



18 



INO. 


(mV/K) 


X lU 

(Q-m) 


(W/m-K) 


(ZT) 


41 


0.273 


1.40 


28 


0.21 


42 


0.265 


1.33 


31 


0.19 


43 


0.240 


1.49 


33 


0.13 


44 


0.275 


1.42 


9 


0.65 


45 


0.274 


1.39 


10 


0.59 


46 


0.294 


1.48 


10 


0.64 


47 


-0.304 


1.37 


28 


0.27 


48 


-0.302 


1.35 


30 


0.25 


49 


-0.297 


1.39 


33 


0.21 


50 


-0.314 


1.41 


9 


0.85 


51 


-0.312 


1.39 


10 


0.77 


52 


-0.333 


1.54 


10 


0.79 



wo 00/54343 



43 



PCT/JPOO/01469 



^WJlO 

Si(lll) »^ X. ^ 10-6Torr(7)K^^ ^ ^^^-1^ {I^A - AiP^ 

^^hntzSi^ j^-y^±(DUn^5Xl5mm. lOXlOmm, ^mOmmCOm^ 

Sidll)*^ ji— /N£^g5S:10-2Torr£DM^f^-\' p'3C}f A X/^^y \.Z 

T ^21 C;^-^?!;^ A® h BJS U Xttl^'tiMl ^T'xS {3500^ 

t#^tt;^cSi'^x— /N_t ©1^)1^4 ^: 5 X 15mm. lOxlOmm. ^mOmmCDm^ 



wo 00/54343 



44 



PCT/JPOO/01469 . 



19 



No. 




(nm) 




(nm) 


m) 


?ajt(K) 


B#r^(h) 


1 


Si 


20 


B 


1 


50 


873 


1 


2 


Si 


50 


B 


3 


50 


873 


1 


3 


Si 


50 


Al 


3 


50 


873 


1 


4 


Si 


20 


Ge0.9B0.1 


1 


50 


873 


1 


5 


Si 


50 


Ge0.9B0.1 


3 


50 


873 


1 


6 


Si 


50 


Ge0.8Ga0.2 


3 


50 


873 


1 


7 


Si 


20 


P 


2 


50 


873 




8 


Si 


50 


P 


5 


50 


873 




9 


Si 


50 


As 


5 


50 


873 




10 


Si 


20 


Ge0.8P0.2 


2 


50 


873 




11 


Si 


50 


Ge0.8P0.2 


5 


50 


873 




12 


Si 


50 


Ge0.8Sb0.2 


5 


50 


873 





wo 00/54343 



45 



PCT/JPOO/01469 



20 



No. 


(mV/K) 


XlO-5 
(Q-m) 


(W/m-K) 




1 


0.273 


1.51 


21 


0.26 


2 


0.264 


1.47 


24 


0.22 


3 


0.241 


1.75 


29 


0.13 


4 


0.278 


1.59 


7 


0.76 


5 


0.276 


1.49 


8 


0.70 


6 


0.295 


1.82 


8 


0.66 


7 


-0.309 


1.62 


19 


0.34 


8 


-0.306 


1.53 


21 


0.32 


9 


-0.300 


1.64 


28 


0.22 


10 


-0.316 


1.57 


7 


1.00 


11 


-0.312 


1.53 


8 


0.87 


12 


-0.334 


1.67 


8 


0.92 



wo 00/54343 



46 



PCT/JPflO/01469 



21 



No. 


mm 


(nm) 


mm 


(nm) 


(0) 


?aiS(K) 


B#M(h) 


21 


Si 


20 


B 


1 


50 


873 


I 


22 


Si 


50 


B 


3 


50 


873 


1 


23 


Si 


50 


Al 


3 


50 


873 


1 


24 


Si0.9Ge0.1 


20 


B 


1 


50 


873 


1 


25 


SiO.QGeO.l 


50 


B 


3 


50 


873 


1 


26 


Si0.9Ge0.1 


50 


Ga 


3 


50 


873 


1 


27 


Si 


20 


P 


2 


50 


873 




28 


Si 


50 


P 


5 


50 


873 




29 


Si 


50 


As 


5 


50 


873 




30 


Si0.9Ge0.1 


20 


P 


2 


50 


873 




31 


Si0.9Ge0.1 


50 


P 


5 


50 


873 




32 


Si0.9Ge0.1 


50 


Sb 


5 


50 


873 





wo 00/54343 



47 



PCT/JPOO/01469 



22 



No. 


(mV/K) 


XlO-5 
(Q-m) 


(W/m-K) 


(ZT) 


21 


0.269 


1.41 


23 


0.25 


22 


0.261 


1.37 


25 


0.22 


23 


0.237 


1.64 


30 


0.13 


24 


0.272 


1.49 


8 


0.68 


25 


0.270 


1.40 


9 


0.64 


26 


0.290 


1.72 


9 


0.60 


27 


-0.301 


1.52 


21 


0.31 


28 


-0.299 


1.43 


23 


0.30 


29 


-0.294 


1.54 


29 


0.21 


30 


-0.311 


1.47 


8 


0.90 


31 


-0.306 


1.43 


9 


0.80 


32 


-0.328 


1.57 


9 


0.84 
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10Xl0x2mm, 10$X2mm«iK{;^^iJPXL. 'tn^en-t'—^y^'^^ 

^L.m ?asM(6K)t?#jo/cfiti:UT*()t)/c„ ttz. t^-jvmmo^m^it. 

437KT'ffo7^c„ 

U TSi-Ge-&^(Ge30at%), Ge » U ^ V ^Si(D?||^M ^ MWi b fz, 
(Ge,C,Sn. V 7-'S:^^^i±^d:v^»^^Bnc)i: Vl^5na(:J^t U 7-^ 
10 X 10 X 2nim, 10^X2mm(DM^izmWiMi: b fz, 

^^t'). Mi^mmiK)-^mmmitnmizmMbtz. nhtitzm^i$.i:. m^i^ 

i5C(Z = S2/pK)5:^25. ^26fI/i^-ro itmU t bXSi-Ge^^ 

(Ge30at%), Ge ^ » L ^5: V >Si® il^fi ^ tm b tz. 
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^WJ14 

S(Ge,C,Sn. ^-^V 7-?:^^^^±^CV^^^^5^:Mncl)i: in|^-VMk-^#J^# 

mtjV< li^vmTbm. yim7um^^25iZ^-r ^ o {cSB-^U/cf^. 40kPa®Ar 
t#^tl/c-r b?:5X5X5mm, 10XlOX2inm. 104)X2mmfDJ^H^{rt;D 
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23 





No. 




'^iPTC^Bnc 




IAp,An 












(at%) 




mm 

(at%) 


n(M/m3) 




1 


Si 


Ge 


5 


B 


0.3 


1.82x10+20 




2 


Si 


Ge 


6.5 


B 


0.3 


1.78X10+20 




3 


Si 


Ge 


8 


Al 


0.3 


1.65X10+20 


m 


4 


Si 


Ge 


10 


B 


0.3 


1.68X10+20 




5 


Si 


Ge 


10 


B+Al 


3+5 


4.71X10+20 


/Ml 

m 


6 


Si 


C 


6.5 


B 


0.3 


1.72X10+20 




7 


Si 


C 


8 


Al 


0.3 


1.77X10+20 




8 


Si 


Sn 


6.5 


B 


0.3 


1.62X10+20 


it 


9 


Si 


Ge 


3 


B 


0.3 


1.90X10+20 


10 


Si 


Ge 


12 


B 


0.3 


1.65X10+20 




11 


Si 


Ge 


20 


B 


0.3 


1.54X10+20 


m 


12 


Si 


Ge 


30 


B 


0.3 


1.59X10+20 




13 


Si 






B 


0.3 


2.00X10+20 
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24 





No. 








S(mV/K) 




ivV W/IIl"xVy 






1 


0.30 


7.70X10-6 


8.2 


1.4X10-3 


* 


2 


0.32 


7.90X10-6 


7.6 


1.7X10-3 




3 


0.34 


8.10X10-6 


7.2 


2.0X10-3 


m 


4 


0.33 


8.30X10-6 


6.8 


1.9X10-3 




5 


0.20 






1 Q 1 A.^ 
l.oX 1U"«» 


m 


6 


0.27 


6.90X10-6 


10.0 


1.1X10-3 




7 


0.26 


7.40X10-6 


8.5 


1.1X10-3 




8 


0.29 


8.20X10-6 


10.9 


9.4X10-4 


-it 


9 


0.29 


7.60X10-6 


14,0 


7.9X10-4 


10 


0.26 


9.40X10-6 


6.8 


1.0X10-3 


m 


11 


0.24 


9.90X10-6 


6.6 


8.8X10-4 


m 


12 


0.22 


8.70X10-6 


6.3 


8.8X10-4 




13 


0.33 


7.30X10-6 


65.0 


2.3X10-4 
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No. 




WM7€ 


^Bnc 














(at%) 




MUM. 
(at%) 






21 


Si 


Ge 


5 


P 


1.0 


1.92X10+20 


* 


22 


Si 


Ge 


6.5 


P 


1.0 


1.84X10+20 




23 


Si 


Ge 


8 


As 


1.0 


1.69X10+20 


m 


24 


Si 


Ge 


10 


P 


1.0 


1.73X10+20 




25 


Si 


Ge 


10 


P+Sb 


3.0+5.0 


4.01X10+20 


1711 


OR 


Q{ 
ol 


p 


D.O 


P 


1.0 


l.oOX 1U+^" 




27 


Si 


C 


8 


Bi 


1.0 


1.76X10+20 




28 


Si 


Sn 


6.5 


P 


1.0 


1.82X10+20 


Jt 


29 


Si 


Ge 


3 


P 


1.0 


1.98x10+20 


30 


Si 


Ge 


12 


P 


1.0 


1.67X10+20 




31 


Si 


Ge 


20 


P 


1.0 


1.61X10 + 20 


m 


32 


Si 


Ge 


30 


P 


1.0 


1.62X10 + 20 




33 


Si 






P 


1.0 


2.08X10+20 
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No. 








OVIIl V/xVy 




K(W/in-K) 


(/K) 




21 


-0.31 


7.90X10-6 


9.3 


1.3X10-4 


* 


22 


-0.34 


8.20X10-6 


8.2 


1.7X10-3 




23 


-0.37 


8.40X10-6 


7.5 


2.2X10-3 


m 


24 


-0.35 


8.60X10-6 


7.0 


2.0X10-3 




25 


-0 24 




D.O 


^.oX lU-"5 


m 


26 


-0.29 


7.20X10-6 


10.6 


1.1X10-3 




27 


-0.30 


7.70X10-6 


8.8 


1.3X10-3 




28 


-0.31 


8.20X10-6 


11.2 


1.0X10-3 


it 


29 


-0.31 


7.90X10-6 


13.2 


9.2X10-4 


30 


-0.27 


1.02X10-5 


6.9 


1.0X10-3 




31 


-0.25 


1.04X10-5 


6.7 


9.0X10-4 


m 


32 


-0.24 


9.00X10-6 


6.5 


9.8X10-4 




33 


-0.35 


7.80X10-6 


58.0 


2.7X10-4 
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No. 




Bncl 


Bnc2 


Ap,An 














ixM 


(at%) 




mm. 

(atvo) 


n(M/m3) 
X 10+20 




41 


Si 


Ge 


6.5 


GaP 


3.0 


B 


0.6 


1.87 




42 


Si 


Ge 


6.5 


GaP 


3.0 


p 


1.0 


2.01 






Dl 


Ge 


6.5 


GsP 


5.0 


B 


0.6 


1.84 


m 


44 


Si 


Ge 


6.5 


GaP 


5.0 


P 


1.0 


2.03 




45 


Si 


Ge 


6.5 


GaAs 


3.0 


Al 


0.6 


1.85 


m 


46 


Si 


Ge 


6.5 


GaAs 


3.0 


As 


1.0 


1.99 




47 


Si 


Ge 


6.5 


ZnS 


3.0 


Be 


0.3 


1.79 




48 


Si 


Ge 


6.5 


ZnS 


3.0 


S 


1.0 


1.96 


it 


49 


Si 


Ge 


6.5 






B 


0.3 


1.79 


m 


50 


Si 


Ge 


6.5 






P 


1.0 


1.86 
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28 





No. 








S(mV/K) 


of O-m^ 








41 


0.36 


8.40X10-6 


7,2 


2.1X10-3 


m 


42 


-0 36 


7 20 V 1 0-6 


7 Q 


Z.O ?\ iU 




43 


0.37 


8.80X10-6 


6.9 


2.3X10-3 


m 


44 


-0.38 


6.90X10-6 


7.6 


2.8X10-3 




45 


0.34 


8.80X10-5 


7.5 


1.8X10-3 


m 


46 


-0.35 


7.30X10-6 


7.8 


2.2X10-3 




47 


0.39 


9.30X10-6 


7.4 


2.2X10-3 




48 


-0.38 


7.70X10-6 


7.9 


2.4X10-3 


it 


49 


0.32 


7.90X10-6 


7.6 


1.7X10-3 




50 


-0.34 


8.20X10-6 


8.2 


1.7X10-3 
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^ h mxim ^ ^29 f I (r>7xM^ m^<?)f J^T'M U kxi^y.^ 
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MILT. ^tt-^-W-^^y^m 

6K(;ig^ U . ftS^ h {£iagP0^J^iajg323KT'©PS^i[#:(D|ft^ 
mil U /cfl, ^ tD^Em* ^ eKT'fJ o ;^cfil i: U T ;^c„ 

■^fz.. /t^-;^«0^l!|^(i, 323K-e3^'3^&(rJ:UfTV\ *;t^©B#. 0^ 

ct 0323KT«$:fTo;^c„ ^tlf>(Di|^i^^$:*30:Rt>'^31(If^1-. 



wo 00/54343 



PCT/JPOO/01469 



29 





No 


MfiK(at%) 




(M/cm3) 


(pun) 


mm 


Si 


Ge 




(at%) 


m 
m 
1 


A 


99.5 


0.5 


B 


0.2 


9.2X1019 


4.2 


p 


B 


95.0 


5.0 


B 


0.3 


1.5X1020 


3.8 


p 


C 


95.0 


5.0 


P 


0.4 


1.8X1020 


4.0 


N 


D 


80.0 


20.0 


GaP 


0.4 


2.2X1020 


4.5 


N 


P 


0.3 


E 


70.0 


30.0 


B 


0.3 


1.2X1020 


4.8 


P 
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58 
^30 



No. 


> 

— / 

;u 






(%) 


(mV/K) 


(i2-m) 


(W/mK) 


(1/K) 


(K) 


MPa 


1 


A 

A 


t) 


— 


— 


0 


A AA^ 

0.096 


6.68X10-6 


54.0 


2.5X10-5 


9 


A 


p 


1573 


147 


D 


A AA1 

o.oyi 


7.12X10-6 


32.1 


3.6X10-5 


Q 
U 


A 


■n 
r 


1573 


49 


Q 
O 


A AOT 


7.65X10-6 


27.5 


3.6X10-5 


A 


A 


Jr 


1543 


49 


22 


A AOA 

0,080 


8.14X10-6 


21.3 


3,7X10-5 


K 
O 


J3 


p 


— 


— 


U 


0.142 


1.11X10-5 


8.75 


2.1X10-4 


a 
O 


P 
IJ 


p 


1553 


147 


Q 
O 


0.136 


1.32X10-5 


5.18 


2.7x10-4 


7 


r> 


p 


1523 


49 




0.124 


1.47X10-5 


3.72 


2.8X10-4 


Q 
O 




p 

Jr 


1493 


49 


A A 
4U 


A 1 1 O 

0.113 


1.92X10-5 


2.81 


2,4X10-4 


Q 




IN 


— 


— 


A 


A 1 dO 

0,168 


9.31X10-6 


10.2 


3.0X10-4 


in 




■M 
iN 


1553 


147 


10 


A 1 A(\ 

0.149 


9.84X10-6 


6.53 


3.5x10-4 






TsT 
IN 


1523 


49 


oo 


A 1 

O.lo/ 


1.13X10-5 


4.01 


4.1X10-4 


1 9 
x^ 


p 


IN 


1493 


49 


OX 


A 1 01 

0.131 


1 oo 1 A K 

1.32X10-5 


3.42 


3.8X10-4 


1 ^ 
xo 


p 


"NT 
IN 


1463 


49 


A 1 

4X 


A 1 O /4 

0.124 


1.65X10-5 


3.25 


2.9X10-4 


Xrt 


XJ 


IN 


— 


— 


U 


A 1 j< 1 

0,141 


6.10X10-6 


5.10 


6.4X10-4 


1 


r\ 
u 


"M 
IN 


1503 


147 


XX 


A 1 OO 


b.42 X 10-^ 


3.80 


7.3X10-4 


16 


D 


N 


1473 


49 


27 


0 121 


7 1*^ VI 0-6 

1 .xo As. iU " 


O.U4 


D. / X iU-* 


17 


D 


N 


1423 


147 


34 


0.115 


8.04X10-6 


2.53 


6.5X10-4 


18 


D 


N 


1403 


49 


43 


0.101 


9.04X10-6 


2.36 


4.8X10-4 


19 


E 


P 






0 


0.121 


8.51X10-6 


5.37 


3.2X10-4 


20 


E 


P 


1473 


147 


8 


0.110 


9.13X10-6 


4.62 


2.9X10-4 


21 


E 


P 


1443 


49 


24 


0.104 


9.97X10-6 


3.68 


2.9X10-4 


22 


E 


P 


1393 


49 


41 


0.093 


1.29X10-6 


2.54 


2.6X10-4 
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^31 



No. 




mm. 






(mV/K) 








JV 


(K) 


MPa 


(%) 




(W/mK) 


(l/K) 


1 


A 


p 








0 


0.096 


6.68X10-6 


54.0 


2.5X10-5 


23 


A 


p 


1573 


49 


23 


0.080 


8.16X10-6 


21.3 


3.7X10-5 


24 


A 


p 


1543 


49 


34 


0.072 


8.74X10-6 


18.4 


3.2X10-5 


5 


B 


p 








0 


0.142 


1.11X10-5 


8.75 


2.1X10-4 


25 


B 


p 


1553 


49 


18 


0.131 


1.36X10-5 


4.14 


3.0X10-4 


26 


B 


p 


1493 


49 


46 


0.101 


2.05X10-5 


2.64 


1.9X10-4 


9 


C 


N 






0 


0.168 


9.31X10-6 


10.2 


3.0X10-4 


27 


C 


N 


1553 


49 


16 


0.141 


1.03X10-6 


5.14 


3.8X10-4 


28 


C 


N 


1463 


49 


46 


0.117 


1.84X10-5 


2.98 


2.5X10-4 


14 


D 


N 






0 


0.141 


6.10X10-6 


5.10 


6.4X10-4 


29 


D 


N 


1503 


49 


14 


0.127 


6.74X 10-6 


3.42 


7.0X10-4 


30 


D 


N 


1423 


49 


40 


0.107 


8.76X10-6 


2.78 


4.7X10-4 


18 


D 


N 


1403 


49 


43 


0.101 


9.04X10-6 


2.54 


4.4X10-4 


31 


D 


N 


1473 


49 


21 


0.106 


9.73X10-6 


4.14 


2.8X10-4 
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1. SiC. '^iJP7C^'S:#3iSX{i^-^{'T0.001il^%~30Jl?%^^U. 

2. Site, =3r^';T-1:^^^i±'5^iJP7C^^#34X{i^S^t^T0.00111^ 

0.001J^^%~101g^%^^ #ig^?MT'Si*%OM^%J^_h'& ,^^(56-5 
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6. Si(c, ^^U7-^^^^-y:;&v^»5^^('^b^tl#»^*:$:|^<)§:« 
MAp^K Apl i^^'v'l'- ySI(Be,Mg,Ca,Sr,Ba,Zn,Cd,Hg,B,Al,Ga,In,Tl). 

^) €» if h m^mcmmcomm^mm. 

MAnit. Anl^;U-^SI(N,P,As,Sb,Bi,0,S,Se,Te), jl^^M7C^M2 
SI 

(M2;Ti,V,Cr,Mn,Fe,Co.Ni,Cu,Nb,Ru.Rh,Pd,Ag,Hf,Ta,W,Re,Os,Ir,Pt,A 
u. -fl UFe(ilOiE?%JjAT), ^±M5c^S¥ 

RE(RE;La,Ce,Pr,Nd,Pm,Sm,Eu,Gd,Tb,Dy,Ho,Er,Yb,Lu)©:&§¥*^^b3i 
IR-t 6 lS3Z.{i2MJJiL±T'^ ^ f, ^^]g6(;HHic<D^l:^^t^ 

X'$)^m^Mh m^m. ii*S4. it^as, n^aeciatfe®^*:^ 
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10. umK mmm^^M^'if^-^nyiimmi^. ^mt^. mm^tm^m^ntzmm 

11. U T-ag*^*1017~l02l(M/m3), m^K^^*^'50W/m.KJJilTT'^€.p 

T-^^Jg*n0l9~l02l(M/m3)-C'^ 6 i**]glO{Zsam<D^B^M#l4„ 

13. SiC^^iPTC^ S J: ^ {3 jg^S L jggjfe!^ ^ J^jp-r § Xig 

14. )§M*^'T-i^i^M3t{i:^M?^J#e?T'^Sgt*Jfil3{lHBmc0^mi^^#l4 
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18. TO^H^a3^fiA>liim~50iiin. ¥mm.m^3)i.m~100yim(Dnm-^mf^-t 

mmt^xn. mm^izm!mtix\x?>xm^^^. ^^m^ 
24. suzmuTtm^^^t^^oizmmLfzmm'i^-^miit^xm. n^n 
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mi A 



Ge + P 

Si 

Ge+P 

Si 



Ge+P 



Si 

Ge+P 



Si (111)/ (100) 

Ge+P + ASi 

Si + AP + AGe 

Ge+P + ASi 

Si + AP + AGe 



Ge+P + ASi 



Si + AP+AGe 

Ge + P + ASi 



Si (111)/(100) 



(oidsn) mm iOVd SIHI 
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M8 



Si + Ge 



Si + Ge 



Si + Ge 



7/7 



Ge + P + Si 



Ge + P+Si 



Ge + P + Si 



Ge + P + Si 



Si (111)/ (100) 
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